Introduction {#sec1-0333102419864132}
============

In a study by the American Migraine Prevalence and Prevention (AMPP), 40.7% of patients with episodic migraine were shown to have one or more significant unmet needs ([@bibr1-0333102419864132]). Within this cohort, the most frequent complaints were headache-related disability (47%) and dissatisfaction with current medications (37%). The current standard of care for the acute treatment of migraine attacks is the drug class known as triptans; however, it has been estimated that approximately 25% to 40% of patients with migraine have suboptimal response to triptans ([@bibr2-0333102419864132],[@bibr3-0333102419864132]). Triptans primarily target 5-hydroxytryptamine (5-HT) receptor subtypes 1B and 1D (5-HT~1B/1D~), and their mechanism is thought to involve cranial vessel constriction and inhibition of pro-inflammatory neuropeptide release ([@bibr4-0333102419864132][@bibr5-0333102419864132][@bibr6-0333102419864132]--[@bibr7-0333102419864132]). However, because 5-HT~1B~ receptors are also located on endothelial cells, triptans can cause vasoconstriction and rare cardiovascular (CV) events ([@bibr4-0333102419864132],[@bibr5-0333102419864132],[@bibr7-0333102419864132]). Accordingly, triptans are considered contraindicated in patients with CV disease, thus limiting the population of patients with migraine who may safely use this class of acute agents ([@bibr3-0333102419864132],[@bibr8-0333102419864132],[@bibr9-0333102419864132]).

Lasmiditan (LY573144, also formerly known as COL-144; Eli Lilly and Company, Indianapolis, IN) is the first "ditan" to reach Phase 3 development and is a centrally penetrant, highly selective 5-HT~1F~ receptor agonist ([@bibr10-0333102419864132]). Evidence suggests that lasmiditan exerts its therapeutic effects in the acute treatment of migraine by decreasing neuropeptide release and inhibiting pain pathways, including those in the trigeminal nerve and ganglion ([@bibr3-0333102419864132],[@bibr5-0333102419864132],[@bibr10-0333102419864132],[@bibr11-0333102419864132]). The functional selectivity of lasmiditan for the 5-HT~1F~ receptor versus the 5-HT~1B~ receptor, the receptor thought to be responsible for vasoconstrictive effects, is \> 440-fold, and thus lasmiditan lacks the vasoconstrictor activity inherent with triptans ([@bibr3-0333102419864132],[@bibr5-0333102419864132],[@bibr10-0333102419864132]). Because migraine symptoms may be associated with activation of the trigeminal nerve and additional sites in the brain and brainstem, a neural rather than vascular approach may be feasible for acute treatment of migraine ([@bibr7-0333102419864132],[@bibr12-0333102419864132]).

Two placebo-controlled Phase 3 studies of lasmiditan for the acute treatment of migraine have been completed, SAMURAI (n = 1856; ClinicalTrials.gov identifier: NCT02439320) and SPARTAN (n = 2583; NCT02605174) ([@bibr13-0333102419864132],[@bibr14-0333102419864132]). Both studies were similarly designed, with participants randomized to treat a single migraine attack with oral lasmiditan (50 mg \[SPARTAN only\], 100 mg, or 200 mg) or placebo in double-blind fashion. For all doses of lasmiditan, the percentage of patients who achieved migraine pain freedom at 2 hours post-dose was significantly greater than for those given placebo. In addition, both studies met the key secondary endpoint of significantly more patients in the lasmiditan group than in the placebo group achieving freedom from their "most bothersome symptom" (MBS) at 2 hours post-dose. Lasmiditan was generally safe and well tolerated, with no deaths among patients who took the study drug and few serious adverse events (SAEs) reported. The most common adverse events (AEs) reported during treatment with lasmiditan were dizziness, paresthesia, somnolence, fatigue, and nausea.

The Open-label Lon**[G]{.ul}**-term Safety Study of **[LA]{.ul}**smi**[DI]{.ul}**tan in the **[A]{.ul}**cute **[T]{.ul}**reatment **[O]{.ul}**f Mig**[R]{.ul}**aine (GLADIATOR) was designed to address the need for data on chronic intermittent exposure to lasmiditan. GLADIATOR is an ongoing prospective, randomized, open-label, Phase 3 study to evaluate the safety and efficacy of lasmiditan 100 mg and 200 mg for the treatment of multiple migraine attacks for up to 1 year in patients who previously completed either of the single-attack SAMURAI or SPARTAN studies. The primary objective of this study is to evaluate the safety and tolerability of long-term intermittent use of lasmiditan 100 mg and 200 mg for the acute treatment of migraine. The secondary objective is to assess the efficacy of long-term intermittent use of lasmiditan, with regard to migraine pain and MBS freedom as well as changes in migraine disability. This report provides interim safety and efficacy results from this ongoing study.

Methods {#sec2-0333102419864132}
=======

Overview of study design and selection of participants {#sec3-0333102419864132}
------------------------------------------------------

GLADIATOR is being conducted by 199 investigators at 199 study sites in the United States (US), United Kingdom, and Germany. The first patient was enrolled on 07 October 2015, and the data cut-off for this interim analysis was 06 March 2018. The study is being conducted in compliance with the International Council for Harmonisation (ICH) principles of Good Clinical Practice. Before the initiation of GLADIATOR, ethics review boards approved the study protocol and the informed consent form. The study is registered at ClinicalTrials.gov (identifier: NCT02565186).

Patients who had completed either SAMURAI or SPARTAN single-attack lasmiditan studies were offered the opportunity to participate in GLADIATOR ([Figure 1](#fig1-0333102419864132){ref-type="fig"}). The study designs of the single-attack studies have been previously described in detail elsewhere ([@bibr13-0333102419864132],[@bibr14-0333102419864132]). Briefly, eligible patients met International Headache Society (ICHD 2nd edition) diagnostic criterion 1.1 or 1.2.1 for migraine with or without aura ([@bibr15-0333102419864132]) and had at least moderate migraine disability, defined as a Migraine Disability Assessment (MIDAS) score of ≥ 11, and had episodic migraine (three to eight migraine attacks per month, \< 15 headache days per month). In addition, these studies did not exclude older patients or patients with CV risk factors, as defined by American College of Cardiology/American Heart Association guidelines ([@bibr16-0333102419864132][@bibr17-0333102419864132]--[@bibr18-0333102419864132]), and SPARTAN did not exclude patients with known coronary artery disease (CAD), clinically significant arrhythmia, or uncontrolled hypertension; these patients were excluded in SAMURAI. Figure 1.GLADIATOR study design. ^a^Lasmiditan 50 mg was included only in the SPARTAN study.

Patients who were non-compliant with electronic diary (e-diary) recordings or dosing requirements during the parent study or who had initiated or changed concomitant migraine preventive medications since completing the parent study were not eligible for participation. Additional exclusion criteria included any medical condition or clinical laboratory test that the investigator thought made the patient unsuitable for the study; imminent risk of suicide; and pregnancy, breastfeeding, or unwillingness to use a highly effective form of contraception. Because dizziness, somnolence, and fatigue had been observed with lasmiditan treatment, patients were to be advised not to drive or operate machinery for 12 hours after taking lasmiditan. All participants provided written informed consent and indicated that they were willing to complete an e-diary.

Interventions {#sec4-0333102419864132}
-------------

Patients were randomized 1:1 to treatment with lasmiditan 100 mg or 200 mg and were stratified (yes or no) at randomization for use of concomitant migraine preventive medications. Because there was a lack of availability of the 100-mg dose in Europe, all patients enrolled in GLADIATOR at European study sites were assigned to lasmiditan 200 mg.

Patients were instructed to use lasmiditan as the first treatment for each new migraine attack within 4 hours of pain onset, provided that the pain severity was moderate to severe and was not improving. If the migraine attack pain did not respond at 2 hours or the patient became pain free within 2 hours, but the pain recurred, a second dose of lasmiditan was allowed up to 24 hours after the first dose as long as no other migraine medication had been used. Alternatively, patients were allowed to take their own medication for rescue or recurrence; however, triptans, ergots, opioids, and barbiturates were not allowed within 24 hours of lasmiditan administration.

Data collection and study endpoints {#sec5-0333102419864132}
-----------------------------------

GLADIATOR Screening/Visit 1 was permitted to be the same day as the end-of-study visit of the parent study. During Visit 1, any changes or updates to the patient's medical or migraine history since enrolling in the parent study were noted, and baseline assessments were performed as needed, according to the protocol. All patients were trained on the use of the e-diary and completed the MIDAS questionnaire, which is a validated patient-reported questionnaire designed to assess headache-related disability over a 3-month period (see Supplemental Material) ([@bibr19-0333102419864132],[@bibr20-0333102419864132]). The MIDAS questionnaire has demonstrated reliability and validity, such that scores correlate with clinical judgment on the need for medical care ([@bibr21-0333102419864132]).

During the 12-month treatment period, patients were instructed to treat migraine attacks with their assigned lasmiditan dose on an outpatient basis. The e-diary included daily questions "How are you feeling today?" and "Did you take any medication that you do not usually take (and had not told the study nurse about)?" Additionally, at 0.5, 1, 2, 4, 24, and 48 hours after dosing with lasmiditan, patients were asked the question "Do you feel anything unusual since you took the study medication that you have not felt with a migraine before?" The primary endpoints of safety and tolerability were assessed via AEs and changes from baseline in physical and laboratory examinations, electrocardiograms (ECGs), and vital signs (during clinical visits, as described below). If the patient recorded feeling not well on the daily e-diary entry or felt something unusual after taking lasmiditan for a migraine attack, the study site was to follow up with a phone call to ascertain whether an AE (coded by Medical Dictionary for Regulatory Activities \[MedDRA\], Version 21.0) had occurred. A treatment-emergent AE (TEAE) was defined as an AE that started or worsened within 48 hours after the last dose (either the first or the second dose) of lasmiditan. The investigator assessed whether or not an AE was related to lasmiditan treatment.

For each migraine attack, patients were asked to record in their e-diary the date and time that the migraine pain started and when the pain first became moderate or severe, the date and time of taking the first dose of lasmiditan, and their response to the first dose of lasmiditan over the next 48 hours. For the efficacy endpoints, patients were asked to record migraine headache pain, using a 4-point IHS pain severity rating scale (none, mild pain, moderate pain, and severe pain) at 0 (pre-dose), 0.5, 1, 2, 4, 24, and 48 hours post-dose ([@bibr22-0333102419864132]). Although patients were instructed to dose with lasmiditan when their pain was moderate or severe, a small number of patients dosed when the pain was mild. Pain relief was defined as experiencing moderate or severe pain at baseline that became mild or none at the summarized time point or mild pain at baseline that became none at the summarized time point for each treated attack. Pain freedom was defined as a reduction in pain severity from mild, moderate, or severe at baseline to none at the summarized time point. In addition, patients were asked to record the presence or absence of nausea, vomiting, phonophobia, and photophobia at baseline, 0.5, 1, 2, 4, 24, and 48 hours, and, at baseline, were to select which of the accompanying symptoms (nausea, phonophobia, or photophobia) was the MBS. MBS freedom was defined as the absence of the selected MBS at subsequent time points. Use of rescue or recurrence medication, including medications other than the study drug, was also recorded in the e-diary. If patients used lasmiditan for rescue or recurrence, they were to record responses in the e-diary up to 48 hours after the second dose. Other assessments included change from baseline in MIDAS total score and number of days with headache over the past 3 months as well as the number of migraine attacks treated with lasmiditan over the course of the study.

Clinic visits occurred at 1, 3, 6, 9, and 12 months (visits 2 through 6). At each visit, a brief physical examination based on AEs was performed, vital signs were collected, a urine pregnancy test was administered for women of childbearing potential, and patients completed the MIDAS questionnaire. Laboratory tests and a 12-lead ECG were collected at baseline if more than 2 weeks had elapsed since the end-of-study visit in the parent study. At 1, 6, and 12 months, blood and urine samples were collected for laboratory analyses, which included biochemistry, hematology, urinalysis, and lipid profiles. An ECG was obtained at 6 and 12 months.

Patients could voluntarily withdraw from the study or could be removed from the study at the discretion of the investigator or sponsor at any time, with the primary reason for discontinuation noted.

Statistical methods {#sec6-0333102419864132}
-------------------

The study sample size was chosen to provide a long-term safety database in accordance with ICH, US Food and Drug Administration (FDA), and the Committee for Medicinal Products for Human Use (CHMP) guidelines. The sample size aimed to achieve ≥ 300 patients enrolled to treat on average ≥ 2 migraine attacks per month for 6 months and ≥ 100 patients to treat on average ≥ 2 migraine attacks per month for 12 months.

All safety analyses were performed on the safety population, which included all randomized patients who used ≥ 1 dose of lasmiditan. As prespecified, the pain freedom and MBS freedom analyses were conducted on the modified intent-to-treat (mITT) population, and other efficacy analyses were performed on the intent-to-treat (ITT) population. The ITT population at the patient level included all randomized patients who used ≥ 1 dose of lasmiditan and had any post-dose pain severity or symptom assessments for ≥ 1 migraine attack and at the treated attack level included a migraine attack treated with ≥ 1 dose of lasmiditan and having any post-dose pain severity or symptom assessments. The mITT population at the patient level included all ITT patients who used ≥1 dose of lasmiditan to treat a migraine attack within 4 hours of onset for ≥1 migraine attack during the study and at the treated attack level included all ITT migraine attacks treated within 4 hours of onset. Treated migraine attacks that did not have a pain severity rating at baseline or were reported with a severity of "none" were excluded from the pain freedom and pain relief analyses.

Continuous variables were summarized using descriptive statistics (i.e. n \[number of patients with available data\], mean, standard deviation \[SD\], and interquartile range \[IQR\]). Categorical variables were summarized using counts and percentages. A subgroup analysis was conducted to compare TEAEs among patients with and without CV risk factors (hypertension, hypercholesterolemia, smoking, obesity, diabetes mellitus, family history of CAD, men over 40 years of age, and postmenopausal women) in the safety population using Fisher's exact test. Post-hoc analyses were conducted to compare the lasmiditan 100 mg group with the 200 mg group for treated migraine attacks achieving pain freedom, MBS freedom, and pain relief at 2 hours post-dose overall using a one-sided test from a logistic regression model with treatment group and background use of medication to reduce the frequency of migraines as covariates. Subgroup analyses of TEAEs and efficacy measures were conducted for migraine attacks 1 to 5 only for those patients who treated ≥ 5 migraine attacks. MIDAS score changes were modeled using a mixed model repeated measures analysis using the MIDAS patient population, which includes patients with MIDAS score data at baseline and post-baseline assessments, regardless of whether or not they took lasmiditan. The number of lasmiditan-treated migraine attacks over time on a per-patient basis was evaluated using data by quarter of study participation. Statistical analyses were performed using SAS (Version 9.4 or higher; SAS Institute, Cary, NC).

Results {#sec7-0333102419864132}
=======

Patient characteristics and disposition {#sec8-0333102419864132}
---------------------------------------

Baseline demographic and disease characteristics were generally well balanced between the treatment groups ([Table 1](#table1-0333102419864132){ref-type="table"}). In the overall safety population, the mean age of the patients was 43.2 years (range, 18--79 years) and 85.3% were women. The majority of the patients were white (78.4%), 17.6% were black, and 19.9% were of Hispanic or Latino origin, which is similar to the distribution found in the overall US population ([@bibr23-0333102419864132]). A family history of CAD was reported by 29.8% of the patients, and 82.0% had ≥1 CV risk factor. Overall, 24.2% of patients were taking ≥1 CV medication and 22.1% of the patients were taking a migraine preventive medication. Medical history events were similar between treatment groups (Supplemental Table 1). Twenty-two percent had a history of depression, 19.0% anxiety, and 12.2% insomnia. Table 1.Baseline patient characteristics (safety population).CharacteristicLasmiditan 100 mg n = 963Lasmiditan 200 mg n = 1015All patients n = 1978Age, mean (SD), y42.7 (12.3)43.8 (12.5)43.2 (12.4)Sex, n (%) Female822 (85.4)866 (85.3)1688 (85.3) Male141 (14.6)149 (14.7)290 (14.7)Race, n (%) White746 (77.5)805 (79.3)1551 (78.4) Black/African American181 (18.8)168 (16.6)349 (17.6) Asian7 (0.7)6 (0.6)13 (0.7) American Indian/Alaska Native3 (0.3)8 (0.8)11 (0.6) Native Hawaiian/Pacific Islander4 (0.4)6 (0.6)10 (0.5) Other11 (1.1)9 (0.9)20 (1.0) Multiple11 (1.1)13 (1.3)24 (1.2)Hispanic or Latino186 (19.3)208 (20.5)394 (19.9)Body mass index, mean (SD), kg/m^2^31.2 (8.2)31.0 (8.2)31.1 (8.2)Current smoker, n (%)133 (13.8)128 (12.6)261 (13.2)Family history of CAD, n (%)296 (30.7)293 (28.9)589 (29.8)CV risk factors^[a](#table-fn2-0333102419864132){ref-type="table-fn"}^, n (%) ≥1805 (83.6)816 (80.4)1621 (82.0) ≥2480 (49.8)500 (49.3)980 (49.5)Use of ≥ 1 CV medication^[b](#table-fn3-0333102419864132){ref-type="table-fn"}^, n (%)232 (24.1)246 (24.2)478 (24.2)Parent study, n (%) SAMURAI373 (38.7)332 (32.7)705 (35.6) SPARTAN590 (61.3)683 (67.3)1273 (64.4)Duration of migraine history, mean (SD), y18.8 (12.7)18.9 (13.1)18.8 (12.9)Number of migraine attacks/month in past 3 months, mean (SD)5.3 (1.8)5.2 (1.8)5.2 (1.8)Experienced migraine with aura, n (%)349 (36.2)351 (34.6)700 (35.4)Use of migraine preventive medications, n (%)212 (22.0)226 (22.3)438 (22.1)MIDAS total score^[c](#table-fn4-0333102419864132){ref-type="table-fn"},[d](#table-fn5-0333102419864132){ref-type="table-fn"}^, mean (IQR)29.4 (15,36)28.9 (15,35)Number of days with headache[d](#table-fn5-0333102419864132){ref-type="table-fn"}, mean (IQR)15.5 (8,20)15.5 (8,20)[^1][^2][^3][^4][^5]

Detailed patient disposition and the flow of participants through the study are shown in [Figure 2](#fig2-0333102419864132){ref-type="fig"}. Of the 2116 patients who were randomized, 1978 patients received ≥ 1 dose of lasmiditan (safety population) and treated 19,058 migraine attacks. At the time of the data cut-off for this interim analysis, 814 (41.2%) patients in the safety population had completed all 12 months of the study and 141 (7.1%) patients were continuing treatment. The median duration of time in study was 288 days (IQR, 98--363 days; n = 1834). Of the 51.7% of patients who discontinued, the most common reason for discontinuation was patient request (21.8%), followed by an AE (12.8%) and lost to follow-up (9.2%). Figure 2.Flow of study participants.^a^In the safety population, common adverse events leading to discontinuation (\>1%) in the lasmiditan 100 mg group included dizziness (26 patients) and somnolence (14 patients) and in the 200 mg group included dizziness (44 patients), paresthesia (19 patients), fatigue (17 patients), nausea (13 patients), and somnolence (11 patients).

Migraine attack characteristics {#sec9-0333102419864132}
-------------------------------

For all treated migraine attacks that had ≥ 1 post-dose efficacy assessment (ITT population, n = 17,295), treatment was initiated within a mean of 1.2 hours (SD = 2.6) of the start of migraine pain, with 65.4% of the attacks treated when pain was of moderate intensity and 33.1% when pain was severe ([Table 2](#table2-0333102419864132){ref-type="table"}). Baseline photophobia was reported in 75.5% of the attacks. The MBS was photophobia for 54.4% of the attacks that recorded an MBS, phonophobia for 23.8%, and nausea for 21.8%. A small percentage of attacks were treated with medications other than lasmiditan before the 2-hour assessment (3.3%) and after the 2-hour assessment (8.2%). Thirty-seven percent of attacks were treated with a second dose of lasmiditan, primarily for rescue (90.5%). Of the attacks that achieved pain freedom at 2 hours post-dose, 6.1% were treated with a second dose of lasmiditan for recurrence. For the remaining 4.8% of attacks treated with a second lasmiditan dose, data were unavailable to determine whether the second dose was for rescue or for recurrence. For the mITT population (n = 16,777 attacks treated with ≥ 1 dose of lasmiditan within 4 hours of onset), a total of 17.1% of all treated migraine attacks that achieved pain freedom at 2 hours had recurrence of pain up to 48 hours post-dose. Of all treated migraine attacks that were pain-free at 2 hours, 10.1% of those in the lasmiditan 100 mg group and 8.7% of those in the lasmiditan 200 mg group were treated with either a second dose of lasmiditan or with other medication. Among patients who were in the study ≥ 30 days, one patient in the 100 mg group and two patients in the 200 mg group treated an average of ≥ 6 migraine attacks in a 30-day period. No patient treated an average of ≥ 7 migraine attacks in a 30-day period. Table 2.Characteristics of treated migraine attacks (ITT population).CharacteristicLasmiditan 100 mg n = 8782Lasmiditan 200 mg n = 8513All treated migraine attacks n = 17295Time to dosing from migraine pain start, mean (SD), h1.2 (2.4)1.3 (2.8)1.2 (2.6)Baseline migraine severity, n (%) Severe2872 (32.7)2846 (33.4)5718 (33.1) Moderate5762 (65.6)5546 (65.1)11308 (65.4) Mild141 (1.6)115 (1.4)256 (1.5) None7 (0.1)6 (0.1)13 (0.1)Baseline symptoms, n (%) Nausea3527 (40.2)3188 (37.4)6715 (38.8) Phonophobia5609 (63.9)4988 (58.6)10597 (61.3) Photophobia6741 (76.8)6322 (74.3)13063 (75.5) Vomiting275 (3.1)302 (3.5)577 (3.3) None792 (9.0)962 (11.3)1754 (10.1)Baseline MBS, n7987755015537 Nausea, n (%)1710 (21.4)1683 (22.3)3393 (21.8) Phonophobia, n (%)1970 (24.7)1726 (22.9)3696 (23.8) Photophobia, n (%)4307 (53.9)4141 (54.9)8448 (54.4)Other medications taken to treat migraine, n (%) Yes, before 2-h assessment274 (3.1)293 (3.4)567 (3.3) Yes, after 2-h assessment841 (9.6)584 (6.9)1425 (8.2)Number of attacks treated with a second dose, n (%)3627 (41.3)2776 (32.6)6403 (37.0) Number of attacks treated with second dose for rescue, n (%)3317 (91.5)2476 (89.2)5793 (90.5)Number of attacks pain free at 2 h^[a](#table-fn7-0333102419864132){ref-type="table-fn"},[b](#table-fn8-0333102419864132){ref-type="table-fn"}^, n (%)2298 (26.9)2665 (32.4)4963 (29.6) Number of attacks treated with second dose for recurrence, n (%)152 (6.6)150 (5.6)302 (6.1)Total number of treated migraine attacks during the entire study, mean (SD)^[c](#table-fn9-0333102419864132){ref-type="table-fn"}^9.3 (9.4)8.0 (9.0)9.0 (9.2)Number of doses taken per treated migraine attack, mean (SD)1.4 (0.5)1.3 (0.5)1.4 (0.5)[^6][^7][^8][^9]

Safety {#sec10-0333102419864132}
------

A total of 962 patients (48.6%) reported ≥ 1 TEAE during the study ([Table 3](#table3-0333102419864132){ref-type="table"}). Fewer patients in the lasmiditan 100 mg group (45.1%) than in the 200 mg group (52.0%) reported ≥ 1 TEAE. Of the patients who reported ≥ 1 TEAE, 86.0% reported a TEAE that was considered by the investigator to be reasonably or possibly related to lasmiditan treatment. Nine patients (0.5%) reported 13 treatment-emergent SAEs (100 mg group: limb abscess \[n = 1\], carbuncle \[n = 1\], cellulitis \[n = 1\]; 200 mg group: bradycardia and sinus node dysfunction \[n = 1\], gastritis {reported twice by the same patient}, sinusitis, and acute cholecystitis \[n = 1\], urinary tract infection \[n = 1\], lumbar spinal stenosis \[n = 1\], recurrent thyroid cancer \[n = 1\], nephrolithiasis \[n = 1\]). No treatment-emergent SAE occurred in more than one patient, and none were considered by the investigator to be related to lasmiditan. No deaths were reported during the study. Table 3.Summary of adverse events (safety population).Type of event^[a](#table-fn11-0333102419864132){ref-type="table-fn"}^Lasmiditan 100 mg n = 963Lasmiditan 200 mg n = 1015All patients n = 1978Eventsn (%)Eventsn (%)Eventsn (%)Any AE2368636 (66.0)3438731 (72.0)58061367 (69.1) Related^[b](#table-fn12-0333102419864132){ref-type="table-fn"}^ AEs1293398 (41.3)2224523 (51.5)3517921 (46.6)Any TEAE^[c](#table-fn13-0333102419864132){ref-type="table-fn"}^1337434 (45.1)2219528 (52.0)3556962 (48.6) Related^[b](#table-fn12-0333102419864132){ref-type="table-fn"}^ TEAEs1157361 (37.5)2010466 (45.9)3167827 (41.8)Any SAE3728 (2.9)4332 (3.2)8060 (3.0) Treatment-emergent^[c](#table-fn13-0333102419864132){ref-type="table-fn"}^ SAEs33 (0.3)106 (0.6)139 (0.5) Related^[b](#table-fn12-0333102419864132){ref-type="table-fn"}^ SAEs000000Deaths000000[^10][^11][^12][^13]

Most TEAEs were central nervous system (CNS) in nature, with the most frequently reported event being dizziness ([Figure 3](#fig3-0333102419864132){ref-type="fig"}). The TEAEs were generally of mild to moderate severity. In a subset of patients who treated ≥ 5 attacks (n = 1126), in general, the incidence of TEAEs decreased across treated attacks 1 to 5 both overall ([Figure 4](#fig4-0333102419864132){ref-type="fig"}) and for the most frequently reported TEAEs (Supplemental Table 2). Figure 3.Frequently reported treatment-emergent adverse events (a) by percentage of patients and (b) by percentage of attacks (safety population).AE: adverse event; MedDRA: Medical Dictionary for Regulatory Activities.Note: Reported by ≥ 2% of patients in either treatment group. An AE that started or worsened within 48 hours after the last dose (either the first or the second dose) of lasmiditan was considered treatment-emergent. AEs were coded using MedDRA Version 21.0. Figure 4.Treatment-emergent adverse events by migraine attack in patients who treated ≥ 5 attacks (safety population).TEAE: treatment-emergent adverse event.

Because most TEAEs were CNS in nature, data were medically reviewed for patients experiencing a CNS TEAE in temporal association with accidents and/or injuries. Of note, one patient had a treatment-emergent road traffic accident and sciatica reported on the same date. Follow-up information from the site revealed that the accident led to sciatica. Dosing in this case was 2 days prior to the road traffic accident (the patient was driving the vehicle; concomitant medications included lithium and quetiapine). In addition, although the common TEAEs associated with lasmiditan are indicative of CNS drug effects and some of these CNS-related TEAEs can be associated with the potential for abuse, there were no instances of abuse of lasmiditan reported and no evidence of lasmiditan misuse, abuse, or diversion.

Of the patients in the safety population, 12.8% discontinued due to an AE (11.2% of the 100 mg group, 14.4% of the 200 mg group) ([Figure 2](#fig2-0333102419864132){ref-type="fig"}). Dizziness was the most common AE leading to discontinuation (2.7% of the 100 mg group, 4.3% of the 200 mg group). Patients who discontinued due to dizziness were more likely to do so after the first or second treated migraine attack than after subsequent treated attacks.

No CV TEAEs potentially due to vasoconstriction (e.g. angina pectoris, uncontrolled hypertension, ischemic stroke) were observed. The incidence and type of AEs (TEAEs or other AEs) reported were similar for patients with and without CV risk factors (data not shown).

Overall, no pattern of clinically meaningful changes from baseline were observed in laboratory parameters, vital signs, or ECGs (data not shown).

Efficacy {#sec11-0333102419864132}
--------

Overall, across all treated attacks at 2 hours post-dose, pain freedom was observed in 29.6% of attacks, MBS freedom in 39.0%, and pain relief in 56.3%, with significantly higher percentages observed in the 200 mg group than in the 100 mg group (all comparisons, *p* \< 0.001) ([Figure 5](#fig5-0333102419864132){ref-type="fig"}).The percentage of attacks achieving pain freedom, MBS freedom, and pain relief at 2 hours post-dose was similar across quarters. Results were similar for completers (data not shown). In a subgroup analysis, the percentage of patients achieving pain freedom, MBS freedom, and pain relief at 2 hours post-dose was consistent across treated attacks 1 to 5 in patients who treated ≥ 5 attacks ([Figure 6](#fig6-0333102419864132){ref-type="fig"}). Figure 5.Treated migraine attacks achieving (a) pain freedom, (b) most bothersome symptom freedom, and (c) pain relief at 2 hours post-dose overall and by quarter.ITT: intent-to-treat; MBS: most bothersome symptom; mITT: modified intent-to-treat; Q1: quarter 1 (months 0--3); Q2: quarter 2 (months 3--6); Q3: quarter 3 (months 6--9); Q4: quarter 4 (months 9--12).Note: Pain freedom is defined as a reduction in pain severity from mild, moderate, or severe at baseline to none at 2 hours post-dose. MBS freedom is defined as the absence of the associated symptom of migraine (nausea, phonophobia, or photophobia) at 2 hours post-dose that was identified pre-dose as the MBS. Pain relief is defined as experiencing moderate or severe pain at baseline that becomes mild or none at 2 hours post-dose or mild pain at baseline that becomes none at 2 hours post-dose for each treated attack. Patients who recorded that no symptoms were present at baseline were excluded from the MBS analysis. Patients were assumed to not have achieved pain freedom at 2 hours if they did not have an associated pain severity rating at the 2-hour time point, took rescue medication within the first 2 hours, or used alternative medication prior to the study drug to treat the migraine attack. The pain relief analysis was conducted on the ITT population; the pain freedom and MBS freedom analyses were conducted on the mITT population. \**p* \< 0.001, 100 mg versus 200 mg (based on a one-sided test from a logistic regression model with treatment group and background use of medication to reduce the frequency of migraines as covariates). Figure 6.Patients achieving (a) pain freedom, (b) most bothersome symptom freedom, and (c) pain relief at 2 hours post-dose by migraine attack in patients who treated ≥ 5 attacks (ITT population).ITT: intent-to-treat; MBS: most bothersome symptom.Note: Pain freedom is defined as a reduction in pain severity from mild, moderate, or severe at baseline to none at 2 hours post-dose. MBS freedom is defined as the absence of the associated symptom of migraine (nausea, phonophobia, or photophobia) at 2 hours post-dose that was identified pre-dose as the MBS. Pain relief is defined as experiencing moderate or severe pain at baseline that becomes mild or none at 2 hours post-dose or mild pain at baseline that becomes none at 2 hours post-dose for each treated attack. Patients who recorded that no symptoms were present at baseline were excluded from the MBS analysis. Patients were assumed to not have achieved pain freedom at 2 hours if they did not have an associated pain severity rating at the 2-hour time point, took rescue medication within the first 2 hours, or used alternative medication prior to the study drug to treat the migraine attack.

The mean baseline MIDAS total score of approximately 29 indicated that, on average, patients had severe migraine disability ([Table 1](#table1-0333102419864132){ref-type="table"}). Mean MIDAS total scores and number of days with headache over the past 3 months decreased significantly from baseline to 3, 6, 9, and 12 months for both the lasmiditan 100 mg and 200 mg treatment groups (all comparisons, *p* \< 0.001 vs. baseline), with no significant differences between dose groups ([Figure 7](#fig7-0333102419864132){ref-type="fig"}). For the safety population, the number of migraine attacks treated with lasmiditan on a per-patient basis by quarter of study participation decreased across the study quarters for both the 100 mg and 200 mg groups ([Figure 8](#fig8-0333102419864132){ref-type="fig"}). Figure 7.Change over time in (a) MIDAS total score and (b) days with headache in the past 3 months (MIDAS population).MIDAS: migraine disability assessment. MIDAS total score was calculated as the sum of the answers to the five questions on the MIDAS questionnaire (0--5 = little or no disability; 6--10 = mild disability; 11--20 = moderate disability; ≥ 21 = severe disability). \**p* \< 0.001 vs. baseline (mixed model for repeated measures); no significant differences were observed between the lasmiditan doses. Figure 8.Lasmiditan-treated migraine attacks by quarter in patients with a maximum of two, three, and four quarters of data available (safety population).L100: lasmiditan 100 mg; L200: lasmiditan 200 mg; Q1: quarter 1 (months 0--3); Q2: quarter 2 (months 3--6); Q3: quarter 3 (months 6--9); Q4: quarter 4 (months 9--12). The figure includes data for patients who had two quarters, three quarters, and four quarters of data available.

Discussion {#sec12-0333102419864132}
==========

The GLADIATOR study is an ongoing, prospective, randomized, open-label Phase 3 study of lasmiditan 100 mg or 200 mg taken intermittently as needed for up to 1 year in patients with migraine who previously completed one of the randomized, placebo-controlled, double-blind, Phase 3 single-attack studies, SAMURAI or SPARTAN. The interim safety and efficacy results of this study are consistent with those of the single-attack studies, which showed a favorable safety profile and a benefit of lasmiditan for reducing both the pain and most bothersome symptoms of migraine attacks ([@bibr13-0333102419864132],[@bibr14-0333102419864132]). Analyses of TEAEs over time generally showed a decrease in the incidence of these events with subsequent treated migraine attacks. Consistent efficacy at a population level over time was observed with long-term intermittent lasmiditan treatment.

No new serious safety findings were observed, with no deaths occurring and no other trends with regard to SAEs reported during treatment with lasmiditan for up to 1 year. Laboratory parameters, vital signs, and ECG assessments did not show any clinically meaningful changes. Moreover, lasmiditan was shown to have an acceptable safety profile during treatment for up to a year in a population of patients with CV risk factors, which is consistent with the non-vasoconstrictive mechanism of lasmiditan ([@bibr24-0333102419864132]) and is important for patients for whom triptans are contraindicated due to their vasoconstrictive properties.

With regard to TEAEs, the incidence and types of events observed were similar to those in the single-attack studies, with the most commonly reported events being CNS in nature ([@bibr13-0333102419864132],[@bibr14-0333102419864132]). Most events were of mild to moderate severity, and the most frequently reported TEAEs generally appeared to be dose dependent. GLADIATOR extended the safety findings of the single-attack studies by showing that, in general, at the population level and in a subgroup of patients treating ≥ 5 migraine attacks, the frequency of TEAEs decreased with subsequent treated attacks. In addition, despite the most frequently reported TEAEs being CNS in nature, there were no reports of accidents or injuries resulting from a CNS TEAE and no evidence of lasmiditan misuse, abuse, or diversion reported during long-term intermittent treatment.

Because there was little opportunity to discontinue in the single-attack lasmiditan studies, GLADIATOR is the first study to evaluate the tolerability of lasmiditan with regard to AEs leading to discontinuation. The most common AE leading to discontinuation was dizziness, which was also the most common TEAE reported during lasmiditan treatment. Approximately 17% of the patients reporting dizziness at any time in the study (not necessarily treatment-emergent) discontinued due to this event. In addition, patients who discontinued due to dizziness were more likely to do so after the first or second treated attack than after subsequent treated attacks. When tolerability of the 100 mg versus the 200 mg dose group is considered, including dose dependency of TEAEs and discontinuations due to AEs, dose adjustment (which was not permitted in this study) may help improve tolerability and subsequent adherence to lasmiditan treatment.

The overall rate of discontinuation in GLADIATOR was 51.7% for patients taking ≥ 1 dose of lasmiditan. Although differences in study designs must be considered, this rate of discontinuation is higher than that observed in a randomized, double-blind, 12-month study of telcagepant versus rizatriptan, in which 42.4% and 35.1% of patients discontinued, respectively ([@bibr25-0333102419864132]). Earlier long-term studies of zolmitriptan ([@bibr26-0333102419864132]) and almotriptan ([@bibr27-0333102419864132]) had rates of discontinuation similar to those for the telcagepant versus rizatriptan trial ([@bibr25-0333102419864132]). The most common reason for discontinuation in the present study was "patient request," which accounted for 42.1% of the discontinuations. To better understand discontinuations, patients were asked to provide comments regarding why they discontinued. Medical review of all comments suggested that some patients discontinued because of lack of efficacy or dislike of investigational product, dislike of e-diary requirements, relocation, scheduling conflicts, reduction in the frequency or lack of migraine attacks, and initiation of prohibited medication or medication reducing frequency of migraine attacks. It should also be noted that this trial included study design features that are unusual for an open-label extension trial that might have influenced persistence, including the following: A 12-hour driving restriction after lasmiditan dosing, a requirement that patients wait for moderate to severe headache pain prior to dosing, daily e-diary entry requirement, baseline and six post-baseline assessments for each migraine attack, and randomization to either 100 mg or 200 mg lasmiditan without an opportunity to titrate dose to optimize benefits and risks. The long-term persistence to lasmiditan during more real-world use would be of interest.

Although this study was designed primarily to evaluate the long-term safety of lasmiditan, efficacy was also assessed as a secondary endpoint, and the efficacy results observed in GLADIATOR were similar to those observed in the single-attack studies ([@bibr13-0333102419864132],[@bibr14-0333102419864132]). Because no dose adjustments were made over the course of GLADIATOR participation, the efficacy dose-response relationships observed between the 100-mg and 200-mg doses in the single-attack studies were also confirmed. The present study adds data showing that lasmiditan was effective when taken for more than one attack, and, notably, very few of the attacks that were pain-free at 2 hours post-dose were treated with a second lasmiditan dose for recurrence (6.1%). Similar efficacy outcomes were observed at the population level across all four quarters of the study and in the first five treated attacks in patients who treated ≥ 5 attacks. The finding that efficacy outcomes were relatively constant over study quarters is consistent with long-term trials of triptans, which generally show stable efficacy, rather than improvement, over time ([@bibr25-0333102419864132][@bibr26-0333102419864132]--[@bibr27-0333102419864132]). Finally, MIDAS total score and number of days with headache in the past 3 months both decreased during intermittent treatment with lasmiditan. Given that the MIDAS questionnaire estimates productive time lost in the preceding 3 months due to the disabling effect of migraine, the decreases in MIDAS total scores in the present study are clinically relevant. The number of migraine attacks treated with lasmiditan per patient per quarter similarly decreased over time. The decrease in MIDAS total scores, number of days with headache, and patient frequency of treating migraine attacks with lasmiditan over time merit further investigation.

Some limitations exist with regard to the interpretation of results from this study. First, this was an open-label study that lacked a placebo control for comparison of both safety and efficacy results. Second, there was a high rate of patient dropout, with study design and burden likely being contributing factors. Additionally, patients taking placebo or 50 mg, 100 mg, or 200 mg lasmiditan during the double-blind parent studies were randomized to receive 100 mg or 200 mg lasmiditan regardless of prior response and tolerability, which could also have led to discontinuations for both efficacy and safety reasons. Third, patients did not necessarily use lasmiditan to treat all of their migraine attacks; for example, if their migraine pain did not rise above mild severity. Fourth, because the primary objective of this long-term study was to assess the safety of lasmiditan for treatment of multiple attacks, we did not collect efficacy information associated with alternative acute treatment. Fifth, assessments at scheduled visits of laboratory parameters, vital signs, and ECGs were not necessarily conducted in temporal proximity to the dosing of lasmiditan. Finally, the results of this study may not be fully generalizable to all patients with migraine.

In conclusion, the interim safety and efficacy results of this long-term lasmiditan study were consistent with those observed in the single-attack lasmiditan studies ([@bibr13-0333102419864132],[@bibr14-0333102419864132]). Lasmiditan had a favorable long-term safety profile, with no new safety issues identified, and, in general, the frequency of TEAEs appeared to decrease with repeated dosing. The positive effects of lasmiditan treatment on pain freedom, MBS freedom, and pain relief were similar by quarter for up to 1 year. Further research may be useful in elucidating the potential of lasmiditan for influencing migraine frequency and severity.

Abbreviations {#sec13-0333102419864132}
=============

AMPP: American Migraine Prevalence and Prevention; 5-HT: 5-hydroxytryptamine; CV; Cardiovascular; MBS: Most bothersome symptom; SAE: Serious adverse event; AE: Adverse event; US: United States; ICH: International Council for Harmonisation; IHS: International Headache Society; MIDAS: Migraine Disability Assessment; CAD: Coronary artery disease; ECG: Electrocardiogram; MedDRA: Medical Dictionary for Regulatory Activities; TEAE: Treatment-emergent adverse event; FDA: US Food and Drug Administration; CHMP: Committee for Medicinal Products for Human Use; mITT: Modified intent-to-treat; ITT: Intent-to-treat; SD: Standard deviation; IQR: Interquartile range; CNS: Central nervous system.

Clinical implications {#sec14-0333102419864132}
=====================

This study adds long-term, repeated intermittent dosing data to the current evidence that lasmiditan is generally safe and well tolerated for the acute treatment of migraine attacks.Lasmiditan demonstrated consistent efficacy at a population level by quarter for the acute treatment of migraine attacks for up to 1 year.Patients treated with lasmiditan showed a decrease in migraine disability. Further research may be useful in elucidating the potential of lasmiditan to influence migraine frequency and severity.
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[^1]: ATC: anatomical therapeutic chemical; CAD: coronary artery disease; CV: cardiovascular; IQR: interquartile range; MIDAS: Migraine Disability Assessment; SD: standard deviation; WHO: World Health Organization.

[^2]: Hypertension, hypercholesterolemia, smoking, obesity, diabetes mellitus, family history of CAD, men over 40 years of age, and postmenopausal women.

[^3]: Cardiac therapy, antihypertensives, diuretics, peripheral vasodilators, vasoprotectives, beta-blocking agents, calcium channel blockers, agents acting on the renin-angiotensin system, lipid-modifying agents, antithrombotic agents based on WHO Drug ATC2 codes.

[^4]: Calculated as the sum of the answers to the five questions on the MIDAS questionnaire (0--5 = little or no disability; 6--10 = mild disability; 11--20 = moderate disability; ≥21 = severe disability).

[^5]: In the past 3 months.

[^6]: ITT: intent-to-treat; MBS: most bothersome symptom; SD: standard deviation.

[^7]: Pain freedom is defined as a reduction in pain severity from mild, moderate, or severe at baseline to none at 2 hours post-dose. Patients were assumed to not have achieved pain freedom at 2 hours if they did not have an associated pain severity rating at the 2-hour time point, took rescue medication within the first 2 hours, or used alternative medication prior to the study drug to treat the migraine attack.

[^8]: Percentages calculated using the number of treated migraine attacks with mild, moderate, or severe headache pain at baseline as denominator: n = 8532 for lasmiditan 100 mg; n = 8232 for lasmiditan 200 mg; n = 16,764 overall.

[^9]: Percentages calculated using the number of patients with treated migraine attacks that met the ITT criteria as denominator: n = 941 for lasmiditan 100 mg; n = 990 for lasmiditan 200 mg; n = 1931 overall.

[^10]: AE: adverse event; SAE: serious adverse event; MedDRA: Medical Dictionary for Regulatory Activities; TEAE: treatment-emergent adverse event.

[^11]: AEs were coded using MedDRA, Version 21.0.

[^12]: "Related" events are those recorded by the study investigator as "Reasonably or Possibly Related" or those with a missing relationship.

[^13]: An AE that started or worsened within 48 hours after the last dose (either the first or the second dose) of lasmiditan was considered treatment-emergent.
